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two of the tugs had to be transferred to the upper side 
of the span, to overcome the effect of a head wind, too 
strong for the current caused by the tide. In all cases 
the spans were soon brought between the piers of the 
old bridge, and at once tackle extending from the old 
piers, as well as the new, was attached to the pontoons, 
to assist in guiding the spans to their position, over the 
timber blocking, on which they rested on the piers. On 
this being attained, screw chains, from the ends of each 
girder to the opposite sides of the pier, were now 
brought into play to accurately adjust the span at each 
end. At the same time, and indeed until the tide was 
at its full height, additional timber was added to that 
alreaJy on the piers, to keep under the space between 
the girders and the blocking. When the tide began to 
recede, the girders very soon took their bearings; this 
being hastened by the opening of the valves, and ad
mitting about 13 in. of water in each pontoon. So soon 
as the wei!rht was wholly transferred to the piers, the 
pontoons floated away, and were immediately towed to 
the jetty, to be in readiness for similar duty during the 
following tide. 

On the material and plant being brought forward, a 
start was made to build the piers around and above the 
ends of the girders just placed. This was done by a 
crane placed on a trestle resting on the floor of the 
girders, and -able to command the whole r.ier. It was 
built in large sections in a, manner simIlar to that 
employed on the south side, Here, however, owing to 
the ends of the girders passing through the sides of the 
pier, large portions were, for the present, left unbuilt. 
'1'he part of the pier immediately over the top of the 
girders, however, was built complete; and this, with the 
additional strutting put in under the arch, served to 
stiffen the incomplete pier, and insure the safety of the 
succeeding work and the safe lifting of the whole span 
to its final position. Several sets of lifting columns, 
hydraulic jacks, and cross girders were employed (see 
Figs. 13 and 14). While lifting any but the end spans 
of these center girders, four culumns were used at each 
pier. This gave one column 1.0 each end of the girders. 
In order to increase the rigidity of the two columns on 
either side of each pier, they were braced to each other 
and the pier. To make the description clearer, I will 
confine myself to a single column, and the work per
formed at it. Each column rested on a sole pla,te di
rectly over the channel base of the pier. It consisted 
of eight steel angles (8 in. by 472" in. by Ys in.) placed in 
pairs, in the form of a rectangle. The deep memher 
of these angles was at right angles to the main girder, 
while the 47� in. member was placed to the outside, to 
receive more freely the bracings running parallel with 
the girder. Other bracings above and below the 
girder, but at right angles to it, were secured to the 
deep members by bolts passing through the large pin
holes in these members, drilled for the p'rimary purpose 
of securing the cross girders to the columns during the 
after raising opflrations. During the lifting there were 
required underneath each end of the main girder three 
cross girders and one hydraulic jack. The cross girders ( 
were formed of strong steel plates with stiffening 
angles. 

The plat.es extended to and passed through between 
the deep members of the angles of the columns, and 
were secured by meam of steel pins passing through 
them and the angles. The hydraulic jack was fastened 
to the under side of the main girder, on the center line 
of one side of the column. Underneath and to it was 
secured one of the cross girders. '1'he other two cross 
girders were placed in the other half of the lifting 
column, the upper one being fixed to the main girder. 
Upon the latter would rest one quarter of the weight 
of tile span, on the tim bel' being removed from under 
the end of the main girder, thus allowing the load to be 
transferred to,the cross girder. 

The lifting of the span was carried out by raising 
each end alternately; the power being' supplied by a 
set of hydraulic pumps placed on the floor of the span 
they were raising. At flrst only a little water was admit
ted, until the ram took up one quarter of the weight 
of the span, and relieved the upper of the two cross 
girders_ The pi!!s inserted through this girder were then 
withdrawn. Water being again admitted, the girder 
began to rise, taking with it the hydraulic cylinder 
and the upper cross girder. Between the upper and 
lower cross girders, hardwood packing was constantly 
inserted as the girder rose, in order to prevent any 
lengthened drop should anything give way. The 
span having been raised 7� in., the pin-holes in the 
upper cross girders, and in the columns, were again in 
line. At once the pins were inserted, and the main 
girder allowed to take its bearing again on the cross 
girder. The pins passing through the other two cross 
girders were now withdrawn, and these girders raised 
the same height as the main girder. The girder next 
the hvdraulic jack was raised by it, while the other 
was lilted by means of a simple screw. 

As a rule, two of these lifts of 7� in. were made 
at one end of the span before it was raised at 
the other. The -lifting is so continued till the 
span has reached its full height. During the lifting 
much time is taken up in removing the plates, etc., 
of the pier, immediately over the girders, to make a 
passage, and in placing in position and riveting those 
underneath. To fix the lifting columns to the piel's, 
and afterward replace the bracings of the columns, is 
also a work of considerable time. The raising accom· 
plished, the ends of the main girders are carried over 
the top of the piers, by a girder passing between the 
col umns, till they areremoved, upon which the remain· 
ing permanent cross girders and bed plates are placed 
in position, and the main girders lowered by llJeans of a 
hydraulic jack thereon. On removal the columns are 
transferred to the next span about to be lifted ; there 
to repeat similar work to that already performed. 
Two spans are usually raised at the same time, 
although each may be at a different stage. When 
raised to the full height, and lowered on to the pier, 
these large spans are practically ready to receive the 
permanent way, for, as we have seen. the whole was 
riveted up complete before being floated out. 

At the three different sections of the bridge, the work 
is thus being rapidly pushed to completion, and now 
we are within a measurable distance of the time when 
communication by rail over the estuary of the Tay 
will be re-established; this time over a structure the 
graceful and scientific design of which will be a lasting 
monument to Messrs. Barlow & Son, the engineers of 
the undertaking. and in the execution of which the 
genius of Mr. William Arrol has shone with such luster. 

As regards the quality of material and workmanship, 
nothing is left to be desired. Add to this the fact that 
a wind pressure of 55 lb. per square foot has been pro
vided against, and that each foundation has been satis
factorily tested to one-third more than the greatest 
possible load which could be put upon it, and we may, 
with every confidence, assert there is not the remotest 
possibility of the fate of the first Tay bridge being that 
of the second.-Enginee1'ing. 

CRANK PIN LATHE. 
AT the establishment of the Liverpool Forge Com

pany, the crank pins for large steamers are turned in a 
hollow lathe, made specially for the company by 
Messrs. Craven Brothers, of Manchester, which does 
away with the necessity for making a heavy shaft re
volve eccentrically, with a counterweight for balancing 
the body and causing such vibration as greatly to in. 
terfere with an accurate turning of the pin. 

With this machine, shown by the illustration, the 
shaft is clamped down in two V -shaped blocks support
ed on cross girders, two on each side of the revolving 
ring carrying the tool rests or boxes. The outside V 
blocks, adjustable by screws, are kept in line, and 
parallel with the center line of the machine and of the 
crank. Setting the crank parallel with the center line, 
and a distance horizontally of half the throw on one 
side of it, brings the pin into the center of the �n g. 
For facing up the inside of the webs the tool is fed 
inward by an endless screw, worm, and 'worm wheel, 
star whetll, _ and fixed kicker; while for turning thepin,
the ring is made to traverse longitudinally b y  hand or, 
by an endless screw. With two tools (lutting at once, 
the roughly forged pin may be reduced as much as six 
inches in one traverse, each tool making a 1� in. cut. 
The internal diameter of the ring, which_ revolves in 
bearings, adjustable to compensate wear, is 9 ft. ; and 
the rests or· boxes, which are made deep, but as narrow 
as possible, so as to clear, lIIay be cha.nged to suit any 
Cf,ank. The ml).chine, which is very substantial. is 
capable of finishing cranks up to 27 in_ diameter and 
3 ft. throw. 

As the size of engines, and therefore of crank shafts, 

g<>Od material and good workmanship, we must pay for 
an excess of material sufficient to insure us against. the 
poor quality of the material and the carelessness of the 
workUlan.·Just what percentage to add to t.he mini
mum thicknel:!s of pipe for all these things is a little 
uncertain, but, froUl a careful examination and study 
of all the data obtainable from 500 different works in 
the United States and Canada, I have concluded that 
-for all we have to guard against, either in qualit.y of 
material, carelessness in manufacture, carelessness in 
handling or laying, or against water hammer-a factor 
of safety of five is ample, and this only on the larger 
pipes . 

.. At the present time it is perfectly feasible to obtain 
pipes made of material having a tensile strength of 
18,000 lb. to the square inch, and, with such material, 
the minimum thicknesses of various sizes 01 pipe, to
gether with their weights and ultimate strength, are as 
follows: 
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4 0'32 13'57 14'67 176 2,880 576 
6 0'35 21'82 2 3 83 2:;6 2,100 420 
8 0'37 30'43 33'00 396 1,665 333 

10 0'40 40 83 44'33 532 1,440 2l:!8 
12 0-45 55-00 59-83 718 1,350 270 
14 0'47 66'76 72'75 875 1,210 242 
16 0'50 80'99 88'42 1,061 1,125 225 
18 0'52 94'54 102'25 1227 1,046 208 

20 0'55 110-95 117'92 1.435 990 lll8 
24 0'60 114'89 156'50 1,875 900 180 
30 0'70 210'97 227-00 2,724 840 Hi8 
36 0'80 289'04 310'75 3,729 800 160 
40 0'85 340 87 369 25 4,431 765 153 
42 0'90 379'03 410'08 4,927 770 154 
48 1'00 481'02 521'08 6,253 750 150 
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HOLLOW LATHE FOR TURNING CRANK PINS. 

necessary to build them up, instead of making them in 
one piece. This is not so much on !tccount of difficulty 
in forging a solid crank of the tequisite size, but owing 
to the. greater delay which must occur, in the event of 
breakdown, in making a new solid crank shaft. For a 
�iven strength; the built crank, which consists of two 
Journals, two webs, and a crank pin, weighs about 25 
per cent. more than th� solid shaft; but the cost of 
both is about the same. The webs of the built crank 
are first planed to t.he· required thickness, and then 
bored together, the body end being finished to size, and 
the pin end rough- bored to � in. less than the finished 
size. They are then slotted to size on the outside, and 
shrunk on to the pieces for the journals, rough-turned 
to finished size_ The two webs wit.h their journals are 
then set and truly clamped together in the bed of a 
boring machine to have t.he holes for the crank pin 
bored out together. 'l'he bed is removed from the 
machine, and a wood fire is made round the webs to 
expand them. The finished crank pin, with the ends 
turned 1·64 in. in diameter larger than the holes when 
cold, is then inserted, and the webs left to cool gradu
ally, thus insuring even contraction and absolute ac
curacy. The crank, weighing nineteen tons, for the 
City of Berlin was built up in this manner. 

All work is finished ready to be put in place. The 
brass liners of propeller shafts are shrunk on and 
turned to fit their lignuTIi·vitre bearings in the stern 
tube. This is facilitated by the excellent machines 
made by Craven Brothers, including two lathes of 6 ft. 
6 in. centers, one.60 ft. and the other 70 ft. long, and a 
planing machine by Collier, of Manchester, with 
divided table, the halves of which can work separately 
or together, being capable of planing 10 ft. square and 
up to 25 ft. long.-The Engineer. 

WATER PIPES. 
AT a recent meeting of the En!rineers' Club of Phila

delphiA, the secretary presented, for Mr. A. H. How
land, a paper upon the genpral subject of water 
�� 

. 

After discussion of the above figures and of the 
facility with which he considers a 6 in. pipe of but A 
in. in thickness can be successfully tapped for service 
connections, the author proceeds: "In the reports 
from 38 different places using 24 in. pipes under various 
pressures, I find one place using pipe weighing as light 
as 182 lb. to the foot, which would be about T7n of an 
incb. in thickness; while another works, under the 
same 1?ressure and probable circumstances, uses pipes 

_w.eighmg 3' 6 Ib. to the foot, or about 66 per cent,. in ex
ceSs of the lighter. I do, not. know that I have strength 
of conviction enough to advocate the use of 24 in. pipe 
only T6r; of an inch in t.hickness, for any works where 
there is any pressure at all, although my estimates and 
figures show that it would be perfectly 8afe; hut it is 
so radically different from custom t.hat I have, to a 
certain extent. given way to custOD! and prejudice. and 
have adopt.ed as standard weights for all pipes used in 
works, contracted for by myself, as follows: 
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4 0'40 17-27 18-75 225 I 3,600 720 
6 o 42 26'46 28'92 347 2,515 50:! 
8 0'45 37'33 40'50 486 2,025 405 

10 0'50 51'54 M'17 6i3 1,800 360 
12 0-55 67'76 73'75 885 1,650 330 
14 0'58 83'02 90 67 1,088 1,490 298 
16 0'60 97'78 106'78 1,281 1,350 270 
18 o 64 117'11 126'67 l,5?O 1,280 256 
20 0'70 142'25 153'43 1,Il41 1,260 252 
24 0'80 194'77 210'33 2.024 1,200 240 
30 0 90 27;\'10 285'33 3.524 1,080 216 
36 1'00 363'22 390'00 4,686 1,000 l!00 
40 1'10 443'82 480'83 5,770 990 198 
42 1-16 491'49 532-42 6,389 995 199 
48 1'30 629'16 681'58 8,179 975 195 

As to cast iron pipes, after considering at length the 
various questions and condition8 affecting their pro
per thickness. the author says: "In relation to the 
strength of pipes, it is a simple matttr to ('alculate the l 
resistance of a perfect cylinder, made of a certain 
quality of material, against a

.
n in .

. 
ternal pressure; but, Cement lined pipes, so called, are next discussed. 

until you are willing to pa.y a fair price and:insist upon, . Their mileage is given as next to that of cast iron, aud 
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